Mluch of the work on the heterozygous effect of harmful genes (the "genetic load") in diploid organisms has been done on Drosophila. The evidence of widespread heterozygosity for harmful genes in this and other organisms, and the fact that such heterozygosity appears in many cases to be advantageous, has led some workers to the conclusion that much of the load is held in the population through heterozygous advantage (along with other balancing mechanisms)." 2 If one assumes constant selection coefficients, this would presumably inflict a very large burden on those organisms that happen to be homozygous for more than a few strongly selected genes.I Other workers, noting the very high mutation rate for subvital genes in Drosophila and the fact that they appear to be partially dominant, have suggested that much of the load is held in the population by mutation pressure, and is more or less quickly eliminated.46 The references cited by no means exhaust the controversy, and there are many ramifications to the problem, but the essential conflict is over whether the majority of the load is "balanced" as the former group would contend or "mutational" as the work of the latter group seems to suggest.
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The present paper reports some experiments on the yeast Saccharomyces cerevisiae which demonstrate that (at least in this organism) both these points of view can be reconciled. S. cerevisiae can exist either as a haploid or as a diploid, so it is possible to perform experiments on the heterozygous effect of entire genomes in a way analogous to those examining the effects of single chromosomes in Drosophila. The present experiments are similar to the pioneering work of James and co-workers,7' 8 but differ in details and design. Mating type in S. cerevisiae is controlled by two alleles, a and a. Growth rate was employed as a measure of fitness (as in the work of James), and the general plan of the present experiments was to determine correlations between the growth rates of a and a haploids and the aa diploids resulting when these haploids were mated with each other. Partial dominance for genes governing growth rate would be indicated by a positive correlation between haploids and diploids.
Materials and Methods.-Two wild-type strains of yeast were employed. The first is a highly homozygous diploid which occurred spontaneously in the haploid strain S288C as a result of a mutation at the mating-type locus, and which was found and given to the author by Mr. Michael Resnick. This will be referred to as strain A. The second (strain B) is a cross between S288C and a single spore isolated from Jap-2, a wild-type strain sent to the author by Professor C. C. Lindegren. (Jap-2 was originally isolated from brewer's yeast, and had been kept as a diploid in Dr. Lindegren's laboratory for 15 years.) Strain B is highly heterozygous, and when it is sporulated the haploids derived from it vary greatly in their growth rates. This is not the case with strain A; both the diploid and the haploids derived from it show very uniform growth rates.
Seven a and seven a haploids were isolated from strain A and were mated together in all possible combinations to give 49 diploids. From strain B, seven a and eight a haploids were mated in all possible combinations to give 53 diploids (three did not mate successfully, so no data from these could be included). The growth rates of the haploids and diploids were measured by placing single cells on a small slab of agar by means of a micromanipulator and measuring the diameters of the resulting colonies at two different times. The growth rates were determined as percentage increase in colony diameter per hour.9 A number of haploid or diploid clones could be placed on the same slab; cells from seven or eight different clones were dabbed along the edge of a slab with sterile toothpicks, and three cells were pulled from each slab with the micromanipulator and placed 2 mm apart.
The media employed were the usual YEPD (1% Difco yeast extract, 2% Bacto-peptone, 2% dextrose) and MV (minimal plus vitamins, containing 0.75% Difco yeast nitrogen base without amino acids and 2% dextrose), and modifications of these. The modifications were designed to place the yeast under greater stress, by changing the medium in two directions: exhaustion of nutrients, and addition of waste products. Haploids of strain B had great difficulty in growing on these modified media, and many haploids were screened before the seven a's and eight a's used in the final experiments were found. The only criterion used in selecting the haploids was the ability to form colonies on the modified media; there was no conscious selection for fast or slow growers. More extreme modifications of the media were tried, with the result that almost no B haploids would grow.
The modifications were as follows: MVE1 and YEPDE5 were produced by growing strain A on liquid MV and YEPD with shaking for one and five days, respectively. These partially exhausted media were passed through a Seitz filter, sterile agar was added, and slabs and plates were made. MVEtOH was MV with the addition of 5% ethanol, a metabolic end-product of yeast even when grown under aerobic conditions. MVDEX was MV with the dextrose reduced from the normal 2% to 0.02%.
A slab of a particular medium was always removed from the cover slip that supported it and placed directly on a Petri dish containing the same medium. The colonies were always measured while log diameter was still increasing linearly with time, before the colonies began to slow in their growth due to exhaustion of nutrients and buildup of waste products. On MV and YEPD this slowing occurred after the colonies reached 0.4 mm diameter, but on the four modified media slowing became apparent after the colonies had reached 0.2 mm.
Results.-The growth rates of the haploids were determined by averaging the results from three slabs with three colonies each, or nine colonies per haploid. The growth rates of the diploids were determined on two different slabs, so that six different colonies were measured per diploid. Occasionally a colony failed to grow, or grew very slowly; some of these latter were tested and were found to have become petite. These data were discarded. The experiment was designed to avoid any spurious correlation between haploids and diploids due to the fact that the growth rate on one slab might be faster than the rate on another. Growth rates were therefore compared only "within slabs," and "within slab" correlation coefficients were obtained which avoided any such bias. 6 Because of the matrix-like arrangement of the experiment, it was possible to gather a large amount of information from a relatively small number of haploids. The eight B diploids formed when the eight a haploids were mated to one a haploid were placed on a single slab, and the growth rates obtained from these diploids were compared with the growth rates of the eight a haploids. Similarly, growth rates obtained from the diploids resulting from the mating of a 1-8 with the second a haploid were compared with the same eight a haploids, and so on through all seven a strains. Then, going in the other direction on the matrix, the diploids were compared with the seven a haploids in eight groups of seven. One hundred and six individual growth rates were obtained in this fashion from the 53 diploids, and each set of seven or eight growth rates (except for those of the three missing diploids) could be compared with the seven a or eight a haploids. The same experimental pattern was followed with the haploids and diploids of strain A. Table 1 shows the correlations between haploids and diploids on the various da,2gives the "among clones within slabs" mean square, adjusted for the fact that the colonies grew at different speeds on the different media. media, and the results of an analysis of variance of the data. The genetic variance is given by the "among clones within slabs" mean square, and it is these figures that are listed under o-for haploids and diploids. The F values are the ratios of the ''among clones within slabs" mean squares and the "within clones" or "error" mean squares. These are a measure of how much greater the variation is between clones than it is within clones. It will be noticed immediately that the smallest correlations, and the smallest F values, are found in strain A grown on normal and modified media, and in strain B grown on normal media. When strain B haploids and diploids were grown on the four modified media, however, the correlations between the haploid and diploid growth rates became significantly larger than even the correlation of +0.190 obtained on MV. (This difference was significant at the 0.01 level, as determined from the charts of David.'0) In addition, the F values and therefore the genetic variances were significantly larger on many of the modified media. The exceptions were the MVEtOH and MVDEX haploids, and the MVE1 diploids. The increases were very marked, however, in the haploids grown on YEPDE5 and MVE1 and in the diploids grown on YEPDE5 and MVDEX.
The correlations obtained on the modified media were all of nearly the same magnitude, in spite of the fact that the media were quite different in composition. Does this mean that all the media affected the cells of strain B in the same way? Table 2 answers this question by presenting the correlations between haploids and between diploids grown on the different media. Because of the small number of degrees of freedom, the haploid data are not so reliable as the diploid, but there is a highly significant variation in the correlations, ranging from -0.699 to +0.657. In the diploid data the range is not so great, but because of the larger number of degrees of freedom the correlations are known with greater precision. Note particularly the slight negative correlation between the MVEtOH and MVDEX diploids, compared with the highly positive one betwen YEPDE5 and MVE1. Since both the YEPDE5 and MVE1 media were produced in similar ways, it might be exected that they would affect the yeast similarly. MVEtOH and MVDEX, however, were modified in very different ways, one by the addition of a metabolic waste product and the other by reduction of the carbon source. In most of the cases listed in Table 2 , however, it would be very difficult to predict the ways a particular medium affects the growth rates of either haploids or diploids.
Discussion.-It should be emphasized that these results apply so far to only one strain of one species of yeast. However, if they should prove to have more general applicability, they may go far towards explaining the conflicting results that have puzzled investigators of genetic load. Many results from Drosophila experiments appear to reinforce the data in the present paper. As was pointed out at the benning of the paper, partial dominance of subvital genes in Drosophila has been found by a numer of workers, and the present author has previously noted that as cultures become more crowded (and the environment presumably more stressful) the genetic variance of the heterozygotes increases.6 The above results are very similar to the present ones. However, the effects of a variety of carefully controlled environments have not previously been investigated by Drosophila workers, for obvious reasons. Drosophila experiments must perforce be extremely large and time-consuming in order for the investigator to gather a meaningful amount of data. It would be a gigantic task to grow flies carrying many different balanced chromosomes on a number of different media or at two or three levels of crowding, particularly since the environment in a culture bottle is a relatively complex one and the environmental variance in these experiments is very large. Dobzhansky and co-workers have already demonstrated, however, that fitness in Drosophila homozygotes is very much a function of the environment,", 12 just as the present experiments demonstrate it to be in yeast haploids and diploids.
The high degree of heterozygosity in strain B appears to have been retained in at least two different ways. First, a number of different genotypes may coexist when the environmental conditions are relaxed. The expressed genetic differences between cells with these various genotypes are slight, and natural selection has little opportunity to act. When the environment becomes more severe, however, the differences are accentuated and a relatively small number of genotypes is strongly selected for. Changing environmental conditions change the selection coefficients of these genotypes markedly and in ways that are (at present) quite unpredictable. Thus, even in a severe but rapidly fluctuating environment there is an opportunity for a number of genotypes to survive, and of course upon recombination a whole array would be produced. Thus, whether the load appears to be "balanced" or "mutational" is very much a function of the environment. In the present experiments some haploid and diploid genotypes did badly or well in all the severe environments tested (which are by no means all the possible environments!), while others were not so predictable, as one would expect from the balanced hypothesis. Measured in any one stringent environment, however, the load appears to be predeminantly mutational!
